It has been theoretically and experimentally proven that complex frequencies, immitance functions of complex frequencies, as well as resonance at complex frequencies are physically real. It follows from the above that the physical macrocosm has extra hidden dimensions. The information expands the fundamental knowledge on the structure of the Universe and may lead to reconsideration of certain basic concepts in mathematical, physical and engineering sciences.
INTRODUCTION
Resonance as a physical phenomenon has been long known in science and is widely used in engineering. It is especially convenient to study it in radio engineering and electrical engineering where any situation can be easily implemented. There are numerous publications on the theory of electric circuits (Bode 1945; Steinmetz 2006; Bell 2009 ), which offer analysis of the processes in these circuits using both real and complex frequencies. However, no account has been given of the physical meaning of complex frequencies, as well as of other concrete complex numbers (resistance, voltage drop, power, energy, etc.) depending on complex frequency. There is also no explanation of whether resonance can exist at complex frequencies, despite the huge physical importance of the issue.
Resonance at real frequencies :
As is well known, in linear electric circuits resonance is understood as a phenomenon, which, as the real frequency of the external impact approaches the real resonant frequency, results in the following:
• a phase shift between the external impact and the forced component of the response comes down to zero;
• the amplitude of the forced component of the response takes an extreme value;
• the frequency of free oscillations becomes equal to the resonant frequency.
However, it turns out that the resonance at real frequencies having all the above characteristics can take place only in electric LC-circuits, which are of limited practical interest. In real electric LCR-circuits this is achieved only as the result of the simplified analysis of resonance, which is exactly what is performed everywhere. If precise mathematical analysis of resonance in LCR-circuits is performed, it turns out that the frequencies corresponding to the above characteristics of resonance are different, although only marginally (however, in physics it is not acceptable to ignore a new phenomenon for such a reason). Moreover, the above manifestations of resonance take place not even at one, but at several different real resonance frequencies. In order to make sure this is true, let us consider the simplest example. The conductivity of the electric LCR-circuit given in Fig. 1 , is As can be seen (see Fig. 2 ), for the given LCRcircuit we eventually obtained three different resonance frequencies, as contrary to the electric LC-circuits, always turns out to equal none of the resonance frequencies. Mandelstam (1955) pointed to the inexplicability of this circumstance back.
Thus, taking into account the above inconsistencies of resonance explanation at real frequencies, it has to be recognized as imperfect.
Resonance at complex frequencies:
In the theory of analysis and synthesis of electric LCR-circuits, apart from the concept of real frequency, the concept of complex frequency is also widely used and explained by various authors in a different way. However, these differences in explaining complex frequency are not relevant right now. We can use any.
Another fact is important. The immitance functions of complex frequency obtained for a particular LCRcircuit (which are understood as resistances, or conductivity, or transfer functions) take zero or infinitely large values of magnitude at certain values of the complex frequency. This occurs because both the numerator and the denominator of the fractional rational function are certain polynomials of the complex frequency. Thus, setting to zero the polynomial in the numerator and solving the corresponding algebraic equation, we can find the values of the so-called 'zeros'. Setting to zero the polynomial in the denominator and solving the corresponding algebraic equation, we can find the values of the so-called 'poles'.
For the simplest case, when the external impact applied to the electric circuit is made by continuous sinusoidal oscillations, the term 'resonant frequency' is used instead of the above 'zeros' and 'poles'. Respectively, the processes taking place at these oscillations are referred to as resonant processes.
Thus, complex 'zeros' and 'poles' would seemingly have to be called resonant frequencies, as well. Sometimes they are indeed referred to like that (Dolginov 1957; Antonov 1987) . However, most experts in the theory of electric circuits do not use the term 'resonant frequency' with reference to 'zeros' and 'poles', because 'zeros' and 'poles' are complex numbers. Thus, if we admit the term 'complex resonant frequency', we will have to admit the existence of resonance at complex frequencies and the physical reality of complex frequencies themselves. After all, we will have to study this resonance at complex frequencies and prove its existence.
And it does exist, because, as will be shown below, the interpretation of resonance at complex frequencies:
• is theoretically self-consistent and fully corresponds to all attributes of resonance;
• allows explaining the inconsistencies of explaining resonance at real frequencies;
• is proven experimentally.
It is easy to prove this theoretically, because it is the above 'zeros' and 'poles' that are understood as resonant complex frequencies, with all the consequences that come with it. The same 'zeros' and 'poles' also correspond to the complex-conjugate frequencies of free oscillations.
It is also easy to make sure that the above selfconsistent resonance in electric LC-circuits at real frequencies is, in fact, just a particular case of resonance at complex frequencies.
The use of vector diagrams at complex frequencies (Antonov 2009 ) allows giving an exhaustive explanation of why several real resonant frequencies appear during the investigation of resonance at real frequencies.
Thus, the interpretation of resonance at complex frequencies is convincing and self-consistent, contrary to the interpretation of resonance at real frequencies.
It is somewhat more difficult to offer experimental evidence of resonance at complex frequencies (Antonov 2008 (Antonov , 2009 (Antonov , 2010a , because in order to do this we will have to minimize the influence of the free component of the response, which interferes into the observations. This circumstance deserves special explanation. Let us recollect with this respect the well-known but sometimes omitted fact that, for resonance at real frequencies, the forced and free components of the response are separated on their own accord in the course of time. Indeed, the transitional process in stable electric LCR-circuits always fades out in the course of time. The forced component of the response to the incoming undamped oscillations constitutes undamped oscillations. Consequently, after a certain period corresponding to the duration of the transitional process the observer always has the possibility to register only forced oscillations. This is the mode usually used to study LCR-circuits.
During the investigation of resonance at complex frequencies, the impact on the electric circuit under investigation is made by exponential radio pulses (if
), the duration of which is time-constrained. Therefore, their duration may turn out to be comparable with that of the transitional processes. Thus, to make the observation more convenient, these impacts should be repeated. However, this alone is not enough. It is also necessary somehow to reduce the free component of the response, which interferes into the observation of the forced component. This can be achieved, for instance, by significantly reducing the magnitude of the free component of the response by modifying the initial conditions (Antonov 1970) . It is also possible to calculate the parameters of the circuit under investigation in such a way that the forced and the free components of the response would be significantly (e.g., by an order of magnitude) different in duration.
The latter technique is used in the experiment the results of which are presented in Fig. 3 . As can be seen, when an LCR-two-terminal is impacted by exponential radio pulses (see Fig. 3c That is, we have the result fully corresponding to all attributes of resonance.
In this respect, it is interesting to note that if the same LCR-two-terminal is impacted by the undamped oscillations, it is impossible to get zero value of the forced component of the response . Therefore, in this case there is no resonance, and the process taking place in the LCR-circuit is simply a near-resonant (or quasi-resonant) one.
Similarly, if the LCR-two-terminal is impacted by exponential video pulses (see Fig. 3b ), the forced component of the response . This is why the well-known resonance in the LC-circuit is observed.
Thus, using the concept of complex frequency, all of the above electric circuits turned out to be resonant ones, however, for different corresponding impacts and at different complex resonant frequencies.
The experiments above are simple and available to any engineer. The usual equipment in any laboratory allows verifying them, as well as performing other similar experiments.
There is other evidence of physical reality of complex numbers, as well (Antonov 2010c ).
Thus, the above investigations allow stating that the existence of resonance at complex frequencies has been implicitly proven both theoretically and experimentally.
Revealing the Universe's extra dimensions: It follows from physical reality of resonance at complex frequencies that the complex frequencies themselves are physically real. Therefore, not only real components of them are physically real, but their imaginary components, too, especially since both of these components have a similar influence on the process of resonance (see Fig. 3 ).
Yet, after all the explanations and evidence given above, there is still the desire to get the answer to the following question -how is it possible to see the real and the imaginary components of the complex frequency? Seeing is particularly important, as people think with visual images.
However, it is impossible to see the frequency itself, not only the complex one, but the real one, either, just as we cannot see, for instance, the time. Nevertheless, it is possible to see the influence of frequency on the oscillation process. To this end, it is necessary to project the damped sinusoidal oscillations on an oscillograph screen. According to the Euler formula, one of the parameters of the complex frequency of these oscillations determines the damping rate, whereas the other defines the frequency of crossing the time axis.
However, it follows from physical reality of concrete complex numbers that many other physical quantities are also physically real, such as complex resistance, complex voltage, and other quantities, which are a function of complex frequency. Moreover, since damped oscillations can be not only electromagnetic, but also mechanic, acoustic, hydraulic, etc., the corresponding complex parameters of these oscillations are also physically real.
Is it possible to see them? No. For some of them, such as voltage, resistance, power, and others, it is impossible to see either the imaginary or the real components. For others, such as distance in case of observing the mechanic oscillations, it is possible to see the real component, but not the imaginary one.
In this respect, it would be good to recollect that many other physically real natural phenomena, such as the magnetic field, the X-rays, the elementary particles, the black holes, and many others, are invisible for us, as well. Nevertheless, we admit that they are physically real, based on the theoretical and experimental evidence presented by scientists.
On the same basis, due to the irrefutable evidence given above, we have to admit the physical reality of concrete complex numbers, although we will never be able to see their imaginary component.
One more question may arise. If the concrete complex numbers are physically real, do they actually measure anything? And on this basis, can the imaginary components of concrete complex numbers be considered as some extra dimensions in addition to the dimensions measured by real numbers? Certainly yes, because at least certain imaginary components of concrete complex numbers (e.g. those of voltage, power, etc.) can already be measured with the equipment available to scientists. However, since we are not able to perceive any imaginary components of concrete complex numbers with our senses, they can be referred to as hidden dimensions, by analogy with the hidden dimensions described in (Randall 2005) and which are expected to be discovered during the experiments at the Large Hadron Collider.
However, the hidden dimensions revealed and described in the paper are different, as the Large Hadron Collider studies the microcosm, whereas the paper deals with the processes in the macrocosm. Certainly, we do not rule out that realizing the physical reality of concrete complex numbers can turn out to be useful for the research of the microcosm, as well.
CONCLUSIONS
Based on the results of investigating the resonant processes, the Universe's hidden dimensions have been revealed. Although resonant processes of any physical nature can be used as the object of research, we describe resonant processes in the electric LCR-circuits, since they are most convenient for observation.
The research has shown that resonant processes in the electric LCR-circuits take into account the magnitude of complex (but not real) frequencies of the input action and the free component of the response. This proves the physical reality of complex frequencies, the parameters of electric circuits at complex frequencies, and resonance at complex frequencies. The results are also true for oscillation processes of any other physical nature.
However, the physically real quantities mentioned above are complex only during the time of damped oscillations, because it is only during this time that they acquire the additional components represented by imaginary numbers. And it is only during this time that the corresponding extra dimensions open up in our physical world. These extra dimensions, since people do not even suspect their existence, can be referred to as hidden dimensions, similar to the extra hidden dimensions which are expected to be discovered at the Large Hadron Collider.
Finally, we do not rule out that, apart from the extra dimensions discussed in (Randall 2005) and in this paper, there can be other extra dimensions, for instance, those corresponding to the physically real hypercomplex numbers (Kantor & Solodovnikov 1989) , of course, if their physical reality is proven.
